Background {#Sec1}
==========

Our previous study revealed that a single bilateral intratesticular injection of 20% calcium chloride (CaCl~2~) dissolved in absolute ethanol in donkeys was ineffective in reducing serum testosterone levels over 60 days post-castration in contrast to the surgical castration using the scrotal ablation technique \[[@CR1]\]. In continuation of this work, we decided to examine the difference in the effects of these two types of castration on some physiologically relevant parameters.

Although CaCl~2~ castration seems to be an appropriate non-surgical strategy in the terms of efficacy, cost, animal welfare and metabolic issues in albino rats, cats, dogs, and Black Bengal goats \[[@CR2]--[@CR7]\], little is known about its impacts on the physiological status of body across a time-window study. In an attempt to explore the dose-dependent response of different animal species to intratesticular injection of CaCl~2~, previous studies reported that this method of chemo-castration was not accompanied with long-term stress reactivity \[[@CR3]--[@CR6]\].

Whether the difference in the type of castration caused a fingerprint difference in modulating stress, lipid profile, and redox biomarkers had not been thoroughly examined. Regarding the effects of castration on lipoproteins, a broad spectrum of conflicting data has been reported in the literature. Orchiectomized pigs and cattle were characterized with up-regulated lipogenesis \[[@CR8], [@CR9]\], on the other hand castration failed to change plasma total cholesterol, high density lipoprotein-cholesterol, glycerol, and triglycerides levels in Sprague-Dawley rats \[[@CR10]\]. Monitoring the temporal changes in plasma lipoproteins following castration may provide a better understanding their metabolic regulation under conditions of androgen deprivation. Disturbance in lipid metabolism evokes adverse consequences such as insulin resistance, hypertension, inflammation, and endothelial dysfunction \[[@CR11]--[@CR14]\].

Surgical castration resulted in oxidative stress in the blood of Wistar/ST rats and mixed-breed dogs \[[@CR15], [@CR16]\], also CaCl~2~ castration caused peroxidative injury in the testicular tissues of albino rats, dogs, and black Bengal goats \[[@CR3]--[@CR6]\]. These discrepancies add fuel to our study in the light of species-related differential response. Resulting from the imbalance between free oxygen/nitrogen species and free radical scavenging molecules, oxidative stress is predisposed to the development of bacterial, viral, and parasitic diseases thus, augmenting the prevalence of malignancies and autoimmune disorders \[[@CR16]\].

Neural inputs from nociceptors together with unpleasant sensory and emotional experiences associated with tissue damage during castration activates the hypothalamic-pituitary-adrenal axis (HPA) leading to increased release of cortisol \[[@CR17]\] initiating long-lasting metabolic and anti-inflammatory responses that can promote healing \[[@CR18]\]. Cortisol is a reliable endocrinological biomarker of stress and provides indication of how unpleasant the experience is emotionally and physically as there is a direct association between the level of HPA activity and the degree of noxiousness \[[@CR18]\]. Stressful conditions like castration cause imbalance between oxidants and antioxidants in favor of oxidants at the cellular and individual levels creating status of oxidative stress \[[@CR19]\]. The greater the oxidative stress, the more severe the cellular damage would be during the surgery which may cause poor post-operation outcomes \[[@CR15]\].

Alterations in lipid profile is considered as a valid indicator of stress \[[@CR20], [@CR21]\]. For instance, hypocholesterolemia is an obvious metabolic sign for exposure to stressful situations as cholesterol requirement increases to support the biosynthesis of stress hormones and the production and functions of new cells participate in host defense and tissue repair \[[@CR22]\]. Stress hormones allow liberation of energy substrates through acting on adipose tissue metabolism during times of stress to supply the increased energetic needs of the body. They cause increase in the hydrolysis of triglycerides, the amount of fatty acids in circulation, and the de novo lipid production in hepatocytes \[[@CR23]\].

The objective of this study was to examine the stress, lipid profile and redox responses of donkeys to standard surgical castration versus chemical castration using intratesticular injection of CaCl~2~ dissolved in absolute ethanol. We hypothesized that application of CaCl~2~, as a welfare-friendly castration method, is expected to induce less stress and less obvious changes in lipid metabolism and oxidant/antioxidant balance than the surgical castration according to the time-dependent changes in testosterone secretion in our previous work.

Results {#Sec2}
=======

As shown in Fig. [1](#Fig1){ref-type="fig"}, chemically castrated donkeys at the end of the experiment were characterized by significantly higher cortisol levels compared to the surgically castrated ones (20.36 ± 2.47 and 8.482 ± 1.43 μg/dl, respectively). Fig. 1Serum cortisol concentrations in surgical castration (S) and chemical castration (Ch) groups at day 60 post-castration. Values are expressed as means ± SEM, *n* = 6 animals per group. ^\#^ indicates significant difference between the two types of castration at day 60 post-castration using independent-samples t-test

When the surgical castration was used as a standard reference castration method, TC and LDL-C levels significantly decreased at day 45 (77.70 ± 0.35 and 6.60 ± 0.12 mg/dl, respectively), while TG levels significantly increased at day 45 and 60 (101.00 ± 2.08 and 102.90 ± 3.58 mg/dl, respectively) in comparison with day 0 (86.13 ± 2.06 mg/dl). However, there were no significant differences in HDL-C levels in the S group across the time window relative to the baseline level. Lack of significant difference was obvious in the S group when comparing pre-castration TC, LDL-C, and TG levels to the post-castration ones across all time intervals. HDL-C levels at day 30 and 60 (64.37 ± 1.17 and 63.17 ± 1.83 mg/dl, respectively) significantly increased in the chemically castrated group in comparison with day 0 (43.33 ± 2.60 mg/dl). At day 30 post-castration, HDL-C was significantly higher and LDL-C was significantly lower in the Ch group (64.37 ± 1.17 and 18.50 ± 1.52 mg/dl, respectively) compared to the S group (41.00 ± 2.52 and 36.57 ± 3.81 mg/dl, respectively). When comparing the Ch group to the S group, a significant elevation in TC (100.50 ± 1.28 and 77.70 ± 0.35 mg/dl, respectively) and LDL-C (30.31 ± 7.87 and 6.60 ± 0.12 mg/dl, respectively) was observed at day 45 and in HDL-C (63.17 ± 1.83 and 51.20 ± 1.15 mg/dl, respectively) at the end of the studied time frame (Fig. [2](#Fig2){ref-type="fig"}a-d, Table [1](#Tab1){ref-type="table"}). Fig. 2Serum concentrations of lipid profile in surgical castration (S) and chemical castration (Ch) groups. Graphic representation of changes in serum lipid profile levels of donkeys at days 15, 30, 45, and 60 following surgical or CaCl~2~ castration vs. day 0 (pre-castration). Values are expressed as means ± SEM, *n* = 6 animals per group. ^\*^ indicates significant difference between each time point post-castration and day 0 using repeated measures ANOVA followed by Tukey's multiple comparison test. ^\#^ indicates significant difference between the two types of castration at each post-castration time point using independent-samples t-test. TC: total cholesterol; TG: triglycerides; HDL-C: high density lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterolTable 1Serum concentrations of lipid profile in the surgical castration (S) and chemical castration (Ch) groupsTime interval0 day15 day30 day45 day60 dayParameter***TC level (mg/dl)*** **S**100.20 ± 6.0791.90 ± 5.2495.37 ± 5.0777.70 ± 0.3595.20 ± 1.98 **Ch**97.13 ± 2.0377.73 ± 5.96101.30 ± 7.36100.50 ± 1.28^\#^\*106.00 ± 4.70***TG level (mg/dl)*** **S**86.13 ± 2.0689.63 ± 3.8889.00 ± 0.93101.00 ± 2.08102.90 ± 3.58 **Ch**105.30 ± 3.6799.63 ± 10.84131.50 ± 13.53116.10 ± 12.31^\*^112.50 ± 15.72^\*^***HDL-C level (mg/dl)*** **S**37.90 ± 1.7044.90 ± 5.1041.00 ± 2.5246.80 ± 3.8051.20 ± 1.15 **Ch**43.33 ± 2.6050.50 ± 8.8464.37 ± 1.17^\#\*^47.00 ± 4.6263.17 ± 1.83^\#\*^***LDL-C level (mg/dl)*** **S**45.04 ± 7.0329.07 ± 8.9836.57 ± 3.816.60 ± 0.1223.43 ± 1.73 **Ch**32.73 ± 4.3330.42 ± 5.6018.50 ± 1.52^\#^30.31 ± 7.87^\#\*^20.37 ± 1.84*TC* total cholesterol, *TG* triglycerides, *HDL-C* high density lipoprotein-cholesterol, *LDL-C* low density lipoprotein-cholesterol

Figure [3](#Fig3){ref-type="fig"}a-c), Table [2](#Tab2){ref-type="table"} revealed the absence of significant difference between the post-castration TAC, TPX and OSI versus the pre-castration ones in both the Ch group and S groups. However, TPX level was significantly lower and TAC was significantly higher in the chemically castrated group at day 45 (2064 ± 0.00 μmol and 153.30 ± 20.28 μM/L, respectively) in comparison with the surgically castrated one (2180 ± 10.57 μmol and 40.00 ± 17.32 μM/L, respectively). Fig. 3Serum concentrations of oxidant/antioxidant parameters in surgical castration (S) and chemical castration (Ch) groups. Graphic representation of changes in serum oxidant/antioxidant levels of donkeys at days 15, 30, 45, and 60 following surgical or CaCl~2~ castration vs. day 0 (pre-castration). Values are expressed as means ± SEM, *n* = 6 animals per group. ^\*^ indicates significant difference between each time point post-castration and day 0 using repeated measures ANOVA followed by Tukey's multiple comparison test. ^\#^ indicates significant difference between the two types of castration at each post-castration time point using independent-samples t-test. TPX: total peroxide; TAC: total antioxidant capacity; OSI: oxidative stress index; AU: arbitrary unitTable 2Serum concentrations of oxidant/antioxidant parameters in the surgical castration (S) and chemical castration (Ch) groupsTime interval0 day15 day30 day45 day60 dayParameter***TPX level (μmol)*** **S**2106 ± 10.572138 ± 27.972064 ± 18.312180 ± 10.572191 ± 18.31 **Ch**2085 ± 27.972233 ± 55.952138 ± 64.312064 ± 0.00^\#^2138 ± 129.9***TAC level (***μm***/L)*** **S**116.70 ± 8.82126.70 ± 20.28170.00 ± 37.8640.00 ± 17.32236.70 ± 20.28 **Ch**160.00 ± 20.82163.30 ± 26.03183.30 ± 20.28153.30 ± 20.28^\#^210.00 ± 5.77***OSI (AU)*** **S**18.28 ± 1.5417.78 ± 2.8613.71 ± 3.56101.60 ± 59.169.39 ± 0.75 **Ch**13.44 ± 1.5814.51 ± 2.6612.03 ± 1.6713.94 ± 1.8310.22 ± 0.85*TPX* total peroxide, *TAC* total antioxidant capacity, *OSI* oxidative stress index, *AU* arbitrary unit

Discussion {#Sec3}
==========

In contrast to our hypothesis, CaCl~2~ chemo-castration induced more distress than the surgical castration and mostly increased both of pro-atherogenic and anti-atherogenic lipoproteins. On the other hand, the surgical castration caused only a transient oxidative stress, which was overcame by enhancement in the body antioxidant capacity.

The animals received Different drug regimens at different procedures, which were unlikely to cause an effect at 15 days, where the first sample of blood was obtained, because of their short withdrawal time (4--5 days) \[[@CR24]\]. The marked increase in serum cortisol levels in the chemically castrated donkeys versus the surgically castrated ones represents a major surprise. In the light of earlier studies \[[@CR3]--[@CR7]\], CaCl~2~ castration in rats, cats, dogs, or goats did not cause changes in a wide array of stress biomarkers including cortisol, corticosterone, fasting blood glucose, blood urea nitrogen, total plasma protein, rectal temperature and packed cell volume. However, orchiectomy by chemical substances like hypertonic sodium chloride was associated with more stress responses in the short term than the surgical methods in cattle. Acute cortisol level increased at 30 and 60 min following the procedure, but the increased levels in the chemically castrated group found only at 30 min. Nevertheless, when chronic discomfort biomarkers including cortisol and paraoxonase 1 were measured daily following the intervention up to 4 days, no significant differences were observed \[[@CR25]\]. In a previous study, intratesticular injection of 30 (w/v) CaCl~2~ solution in water buffalo induced higher amount of acute phase protein (fibrinogen), as a stress indicator, than castration by Burdizzo clamp \[[@CR26]\].

Stressful situations, including castration, activate HPA resulting in augmented cortisol secretion, making it a valid stress bio-indicator \[[@CR27], [@CR28]\]. Nevertheless, the presence of nociceptors exclusively in the testicular capsule and scrotal skin rather than the testicular and epididymal parenchyma makes the pain sensation occur as a result of increased intratesticular pressure during and immediately after injection \[[@CR7], [@CR29]\], and weakens the possibility of its occurrence on the long term after injection. Although monitoring change in the cortisol levels is used most frequently to assess the painful stress induced by castration, this biomarker could be confounded by factors other than pain and require frequent sampling to capture transient or pulsatile changes \[[@CR30]\]. Because no optimal measure of stress exists, the utilization of multiple different measures such as changes in behavioral patterns, and measurement of eye temperature and locomotor activity \[[@CR25], [@CR31], [@CR32]\] are highly warranted to get a full dimensional picture and reinforce and facilitate interpretation of findings of the current study. On the other hand, pain assessment methods have several limitations in equine \[[@CR33]\]. This is because the difficulty in quantifying pain in this species \[[@CR34]\], and that the pain-related behaviours do not specify the source and type of pain, nor do they correlate strictly with severity of pain or progression of a disorder \[[@CR35]\]. Even composite pain scale, which involves scoring of both behavioural and physiological variables, has limited utility in discriminating mild pain \[[@CR36]\].

In the current study, signs of overt pain were absent in donkeys post-operatively. This is may be due to the use of successful anesthetic protocols, followed by the regular administration of pain medications. Also, absence of obvious pain signs could be attributed to the fact that donkey has higher tolerance to painful stimuli \[[@CR35]\]. There is a rationale in inclusion of hormonal measurements, especially cortisol, in both experimental and clinical studies of pain response \[[@CR37], [@CR38]\]. Estimation of cortisol levels remain a well proven and common tool for pain evaluation, and together with other physiological parameters, such as lipid profile and oxidative stress biomarkers, are strongly associated with the chronic pain \[[@CR39]--[@CR42]\]. Physiological markers have high sensitivity and specificity, and are regarded as indices of homeostatic changes that follow a painful event \[[@CR43]\]. Thus, we focused on the endocrine, metabolic and redox parameters in the present work to monitor the changes in the adaptive biological mechanisms in response to chronic pain relative to the difference in the type of castration.

Castration by latex band, rubber ring, and Burdizzo in calves elicited greater cortisol response than that seen in the surgical procedure \[[@CR44], [@CR45]\]. Several studies indicated only a transient increase in cortisol level that rapidly returns to the baseline following the surgical castration \[[@CR30], [@CR32], [@CR46]\]. This fluctuation in cortisol is followed by a rapid healing in superficial wounds in comparison to other androgen-eliminating practices as ring or Burdizzo castration and might cause less pain in the longer term \[[@CR47]\]. One of the limitations of the present study was the measurement of cortisol levels only at the last time point.

Serum TC level in the S group was significantly lower than that observed in the Ch group at day 45 post-castration (77.70 ± 0.35 and 100.50 ± 1.28 mg/dl, respectively). Similarly, the *Longissimus thoracis* muscle in surgically castrated bulls contained lower cholesterol content than that found in the immunocastrated ones using luteinizing hormone-releasing hormone fusion protein vaccine \[[@CR48]\]. The reduction in serum TC level in the S group most probably due to the decrease in the transcript level of hepatic 3-hydroxy-3-methylglutaryl-CoA reductase, a rate-limiting enzyme in cholesterol synthesis \[[@CR49]\]. On the other hand, its activity and mRNA level were not changed by castration in pigs \[[@CR50]\]. This implies the presence of species-specific variations in response to androgen deficiency due to differences in the expression of genes involved in metabolic pathways \[[@CR9]\]. Castration augments the cellular uptake of cholesterol and fatty acids and suppresses lipolysis resulting in depletion of TC from circulation. For instance, gene expression of lipase G was up-regulated while that of phosphatidic acid phosphatase type 2B was down-regulated in the androgen-deprived pig model reflecting increased translocation of lipids from the extracellular space to the lipid storage sites and inhibition of lipolysis \[[@CR8]\].

The obvious elevation in LDL-C at day 30 post-castration in the S group in comparison with the Ch group is similar to that previously found by Baik et al. \[[@CR49]\] and Cai et al. \[[@CR50]\] in cattle and pigs, respectively. Taken into consideration the fact that LDL receptors are responsible for the endocytosis of cholesterol-rich LDL thus, the decrease in its expression is associated with an increase in serum LDL level as that observed in surgically castrated pig model due to decreased removal of LDL-C from the blood stream \[[@CR50]\]. It was found that increased expression of proprotein convertase subtilisin/kexin type 9, a protease enzyme, enhances the endosomal degradation of LDL receptors, and increases hepatic fat deposition by castration promoting down-regulation of LDL receptors that incriminates in the accumulation of LDL-C in the circulation \[[@CR50]\]. *Longissimus thoracis* muscle of *Bos indicus* bulls subjected to the surgical castration contained lower amounts of polyunsaturated and monounsaturated fatty acids and higher amounts of saturated fatty acids relative to the immunocastrated ones \[[@CR48]\]. Contents of polyunsaturated fatty acids in intramuscular and backfat of pigs were lower in pigs submitted to the surgical castration that those submitted to the immunocastration \[[@CR51]\]. Given that polyunsaturated and monounsaturated fatty acids reduce LDL-C while saturated fatty acids cause the reverse outcome \[[@CR52], [@CR53]\], it was suggested that the raise in LDL-C at 30- day post-castration in the S group in comparison with Ch group might be attributed to specific-related modulations in fatty acid proportions relative to the types of castration. The increase in LDL-C following the surgical castration could increase the risk of atherosclerosis and other cardiovascular diseases \[[@CR54]\].

The marked drop in HDL-C in the S group at day 30 and 60 post-castration is in consistent with that found in castrated rats and some epidemiological studies \[[@CR55]--[@CR57]\], in contrast to other studies demonstrating non-significant change \[[@CR9]\] or elevation \[[@CR8]\] in its level following the castration. TG enrichment of HDL particles, enhancement of lipolytic activity of hepatic lipase, and inhibition of hepatic production of apolipoprotein A-1 may contribute to the reduction in serum HDL-C \[[@CR58], [@CR59]\].

The changes in lipid profile which were observed following the surgical castration could have harmful consequences especially on the cardiovascular system. HDL-C encourages the reverse cholesterol transport, and its high levels are a prerequisite for the protection of vasculature from hyperlipidemia \[[@CR60]\]. Therefore, its reduction together with the increase in LDL-C may give insight into the disturbance in pro-atherogenic/atherogenic lipoproteins balance which could be a contributory factor in the vascular defects. High level of TG and low level of HDL-C are implicated in the increased incidence of atherosclerosis and inflammatory reactions \[[@CR61]\].

The significant elevation in TG levels at the last two-time points compared to the baseline following chemical loss of gonadal function could be secondary to the increased cortisol levels, as glucocorticoids stimulate the activity of enzymes involved in the hepatic TG synthesis \[[@CR62]\].

The chemical castration in the current study caused a marked increase in LDL-C level at day 45 compared to the surgical castration (30.31 ±, 7.87 and 6.60 ± 0.12 mg/dl respectively). Glucocorticoids encourage VLDL secretion probably by stimulating the production and inhibiting the degradation of apolipoprotein B \[[@CR63]\]. Therefore, the rate of VLDL production rates are elevated when the body is exposed to a high level of cortisol for a long period, and since VLDL clearance is unaltered this account for increased circulating VLDL and LDL levels \[[@CR64]\].

The elevation in serum TPX of donkeys submitted to the surgical castration compared to those submitted to the chemical castration at day 45 is in parallel with the disturbance in the redox homeostasis of surgically castrated dogs \[[@CR15]\]. The surgical castration in pigs encouraged lipid peroxidation in the pork sausage more than that found in the immunological one \[[@CR65]\] due to the ability of the surgical castration to increase the polyunsaturated fatty acids, which subsequently enhances the susceptibility of cells to free radical attack \[[@CR66], [@CR67]\]. The ability of the current open method of castration to induce an obvious reduction in testosterone level could explain the increase in TPX level. This is highlighted by the induction of oxidative stress markers in several testosterone-deprived animal models through up-regulation of their gene expression, depletion of enzymatic and no-enzymatic antioxidants, and overproduction of reactive oxidants \[[@CR68], [@CR69]\]. The increase in TPX level denotes the excessive generation of reactive oxygenous and nitrogenous species under testosterone deprivation overcoming the antioxidant protective network and resulting in the initiation and propagation of chain reactions. This subsequently culminates in damaging vital macromolecules (including phospholipid, protein and DNA), triggering deleterious alterations on the levels of cellular membranes, enzymes, receptors, and genomic materials.

The chemical castration in our study fails to change TPX levels at all time points in comparison with day 0. Again, our findings are contradictory with the published research series by Jana and his collaborators who reported an obvious increase in testicular malondialdehyde and conjugated dienes content following intratesticular injection of CaCl~2~ solution indicating an increased rate of lipid peroxidation \[[@CR3]--[@CR7]\]. It must be taken into account that the previous studies focused on the oxidant/antioxidant balance in the testicular milieu, while our study dealt with that of the whole body. Moreover, the differential response of the androgenic testicular activity to CaCl~2~ injection in our earlier findings versus the previous research teamwork adds another explanation to the failure of chemical castration to modify the redox parameters in our investigation.

The decrease in TPX level at day 45 in the Ch group relative to the S group suggests the inverse relationship between cortisol level and lipid peroxidation. Prolonged administration of cortisol suppresses free radical, generation leading to decrease in lipid peroxidation products as the stress-realizing reactions activate stress-attenuating mechanisms including up-regulation of antioxidants \[[@CR70]--[@CR72]\].

When TPX level and TAC were compared at day 45 post-castration in both groups, it was found that serum TPX level increased while TAC decreased in the surgically castrated group in comparison with the chemically castrated one. At day 60, both of these parameters returned to the baseline in both groups. These outcomes reveal the ability of antioxidants to neutralize the reactive free radicals and restore the oxidant/antioxidant balance as some of the members of reactive oxidants act as signaling molecules to stimulate redox-sensitive transcription factors which up-regulate the gene expression of the protective antioxidant enzymes and proteins \[[@CR73], [@CR74]\]. TAC at the end of experimental period (day 14 post-castration) in surgically castrated dogs was lower than that observed at the previous time points (after recovery, and on days 3, 7 and 10 post-castration) denoting consumption of antioxidants in fighting the reactive oxidants \[[@CR19]\]. However, the surgical procedure induced the antioxidant capacity of *Longissimus dorsi* muscle and backfat of pigs, estimated by 2, 2-diphenyl-1-picrylhydrazyl assay, in comparison with the immunocastration \[[@CR75]\].

Conclusion {#Sec4}
==========

Intratesticular injection of CaCl~2~ induced long-term stress response by activating HPA, releasing an excess amount of cortisol. The surgical castration is incriminated by evoking oxidative stress, which rapidly subsided 2 months after the surgical operation probably due to compensatory up-regulation in the antioxidant defense mechanisms. Both types of castration modified the main constituents of lipid profile. Further studies are highly recommended to highlight the changes in other physiological aspects related to the difference in the types of castration.

Methods {#Sec5}
=======

Animals {#Sec6}
-------

The present study was approved by the National Ethical Committee of The Faculty of Veterinary Medicine, Assiut University, Assiut, Egypt, that follows The OIE standards for the use of animals in research and education. The study was conducted on twelve clinically healthy adult male donkeys (*Equus asinus*), 2--3 years old and weighing 185--245 kg body weight (BW). Donkeys were obtained from the Experimental Animal House, Veterinary Teaching Hospital, Faculty of Veterinary Medicine, Assiut, Egypt, and kept in standard stable with ad libitum access to feed and water. Donkeys were allocated randomly and equally into two groups; the chemical (Ch) and surgical (S) groups (*n* = 6). Chemical castration was carried out under the effect of intravenous 2% xylazine HCl at a dose of 1 mg/kg BW (Xyla-Ject, ADWIA Co., SAE, Egypt) and local infiltration of the spermatic cord of each testicle with ten ml 2% lidocaine HCl (Dibucaine, Sigma-Tec Pharmaceutical Industry Co., Egypt) \[[@CR76]\]. Donkeys in the Ch group received a single bilateral intratesticular injection of 20% calcium chloride dissolved in absolute ethanol in a dose of 20 ml/testis. A 21G × 1.5 needle was directed from the caudoventral aspect of each testis approximately 0.5 cm from the epididymal tail towards the dorsocranial aspect of the testis. The solution was carefully deposited along the entire route by linear infiltration while withdrawing the needle from the proximal to the distal end. Precautions were taken to prevent the seepage of solution from the injection site \[[@CR1]\]. Donkeys in the S group were subjected to traditional open surgical castration according to Wilson et al. \[[@CR77]\]. The surgical castration was performed under the effect of intravenous anaesthesia using 2% xylazine HCl at a dose 1.1 mg/kg BW (Xyla-Ject, ADWIA Co., SAE, Egypt) and 5% Ketamine HCl at a dose of 2.2 mg/kg BW (Ketamine, Sigma-tec Pharmaceutical Industries, SAE, Egypt). Ten ml of 2% lidocaine HCl (Dibucaine, Sigma-Tec Pharmaceutical Industry Co., Egypt) was injected directly into each spermatic cord and five ml subcutaneously along the anticipated incision site over each testicle to achieve local anesthesia \[[@CR78]\]. The donkey was positioned in lateral recumbency. The down testicle was performed first. Each testicle was exteriorized with its spermatic cord by a direct incision through the skin and the tunics. The cord was then emasculated and the skin incision was left to heal by second intention. Donkeys were recovered from anesthesia while positioned in lateral recumbency in a padded recovery stall, and were monitored until they were standing.

Donkeys of the Ch and S groups were injected intramuscularly with procaine penicillin and dihydrostreptomycin sulphate at a dose of 1 ml/kg BW (Pen & Strep, 1 ml contains procaine penicillin 200 mg and dihydrostreptomycin sulphate 250, Norbrook Laboratories Limited, Newry, BT35 6JP) and intravenously with phenylbutazone at a dose of 1.1 ml/50 kg BW (Phenyl-D 20%, 1 ml contains phenylbutazone 200 mg, DELTA PHARMA, veterinary sector, Egypt) for three successive days for microbial prophylaxis and pain management, respectively after each intervention.

Donkeys in both groups were kept under observation for 60 days. The animals were allowed to recover before being euthanised. At the end of the study, donkeys were sedated by intravenous injection of 2% xylazine hydrochloride (Xyla-Ject, ADWIA Co., SAE, Egypt) at a dose of 1.1 mg/kg BW followed by rapid intravenous injection of thiopental sodium (Thiopental sodium 1 g vial, EPICO, Egypt) at a dose of 35 mg/kg BW \[[@CR77]\].

Collection of blood samples {#Sec7}
---------------------------

Blood samples were collected from the jugular vein under complete aseptic condition at 0830 a.m. at five-time points; prior to castration and at 15, 30, 45, and 60 days after the beginning of experiment. Serum was obtained by centrifugation at 3000 rpm for 10 min and stored at − 20 °C for estimation of biochemical parameters later on.

Biochemical measurements {#Sec8}
------------------------

Serum cortisol level was assessed at the end of the experimental period as a chronic discomfort indicator using enzyme immunoassay test kit according to manufacturer^'^s instruction (Immunospec Corporation, Canoga Park, CA, USA) with a minimum detectable concentration of 0.366 μg/dl. Total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), and triglycerides (TG) levels were measured according to the manufacturer's instructions using commercially available kits (Egyptian Company for Biotechnology, Egypt). Low density lipoprotein-cholesterol (LDL-C) was calculated according to Friedewald et al. \[[@CR79]\]. Total peroxide (TPX) level was estimated as described elsewhere \[[@CR80]\] and calculated from a curve constructed of serial standard concentrations. Following the reaction with a known amount of exogenous hydrogen peroxide, determination of the residual amount of antioxidants was used to reflect the total antioxidant capacity (TAC) of the sample \[[@CR81]\]. Serum TC, HDL-C, TG, and TAC levels were measured colorimetrically using spectrophotometer (Spectronic 21, Moton Roy Company, USA). The oxidative stress index (OSI), as a biomarker of the overall redox potential of serum, was calculated as the percent ratio of TPX content to TAC concentration according to the following equation: OSI = TPX (μM/L) / TAC (μM/L) × 100 \[[@CR80]\].

Statistical analysis {#Sec9}
--------------------

The analysis was performed using GraphPad Prism 5 version 5.01 (GraphPad Software Inc., San Diego, CA, USA). The data were represented as means ± standard error of the mean (SEM). Repeated measures ANOVA was used to determine the effects of each type of castration as an independent variable on the levels of serum oxidative stress parameters and lipid profile as response variables followed by Tukey's multiple comparison test. Independent-samples t-test was used to compare between the effects of each type of castration on serum cortisol level as a response variable at the last time point, and the rest of the measured parameters as response variables at each post-castration time point. Differences were considered statistically significant at *P* \< 0.05.
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